The coronal mass ejections (CMEs) produce by Sun poloidal magnetic fields contribute to geomagnetic storms. The geomagnetic storm effects produced by one-day-shock, two-days-shock and three-days-shock activities on Ouagadougou station F2 layer critical frequency time variation are analyzed. It is found that during the solar minimum and the increasing phases, the shock activity produces both positive and negative storms. The positive storm is observed during daytime. At the solar maximum and the decreasing phases only the positive storm is produced. At the solar minimum there is no three-days-shock activity. During the solar increasing phase the highest amplitude of the storm effect is due to the one-day-shock activity and the lowest is produced by the two-days-shock activity. At the solar maximum phase the ionosphere electric current system is not affected by the shock activity. Nevertheless, the highest amplitude of the storm effect is caused by the two-days-shock activity and the lowest by the one-day-shock activity. During the solar decreasing phase, the highest amplitude provoked by the storm is due to the three-days-shock activity and the lowest by the one-day-shock activity.
Introduction
The Sun has magnetic field that interacts with interplanetary medium by means of its components. The first, namely poloidal magnetic field, is closed and is responsible for coronal mass ejections (CMEs). The second, an opened magnetic International Journal of Astronomy and Astrophysics field is the source of solar winds (slow solar wind, high stream solar wind, recurrent solar wind and fluctuating solar wind [1] [2] [3] [4] . These solar events provoke four different geomagnetic situations. In fact, 1) the quiet solar wind induces quiet geomagnetic events; 2) the fluctuating wind is responsible for fluctuating geomagnetic activity; 3) the recurrent solar wind causes recurrent geomagnetic activity and 4) CMEs produce shock activity.
As the ionospheric storms are closely associated with the geomagnetic storms [5] [6], we investigate the geomagnetic storm effect on the ionosphere F2 region.
Here, are interest the storms due to CMEs actions. Studies of the other disturbed activities (the recurrent and the fluctuating activities) impacts on the ionosphere F2 region specifically in the African equatorial ionization anomaly (EIA) sector are out of the topic of the present study.
To investigate CMEs action on the ionosphere, Ouagadougou ionosonde station (Lat: 12.4˚N; Long: 358.5˚E; dip: 1.43˚) F2 layer critical frequency (foF2) will be used. Keeping in mind that the response of the ionosphere to storms is rather complicated [5] and comprehensive understanding of nonlinear interaction among the thermosphere, ionosphere and magnetosphere during geomagnetic storms remains a challenge to be identified/to be understood [7] . To contribute to this challenge, the present work investigates the effect on the ionosphere due to CMEs storm activity. Ouagadougou station foF2 time variation as recommended by [9] . For doing that, we analyze the pixel diagrams. The analysis of the pixel diagrams let us see the three type of CMEs storm activity called after shock activity as defined by [1] . The starting day of the shock activity on the ionosphere in the pixel diagrams is identified by the date of SSC (Sudden Storm Commencement) indicated by the circle that encircles the geomagnetic index Aa daily values (we give in the Section 2 the detail on that). The retained shocks are: one-day-shock (its action time duration on the ionosphere does not exceed one day), two-days-shock (its action time duration on the ionosphere is more than one day and does not exceed two days) and three-days-shock (its action time duration on the ionosphere is more than two days and does not exceed three days). This point is the novelty of the paper for its storm steady approach differs from those of several papers which treat a particularly shock event (short time variation, effect of storm time different phases with respect to Dst [disturbance storm time] time variation) or address statistical ionosphere F2 layer parameters variability under individual storm activity (e.g. [10] - [32] ). Our objective is, in short term, to present the signature of the storm effect on the equatorial ionospheric currents (equatorial electrojet and equatorial counter electrojet) variability and their strength and in mean and long term to contribute to improve the existing models' predictability and also to address the space weather issues.
Materials and Methods

The Criteria for Determining the Solar Cycle Phases
For the solar cycle phases determination, we use the following criteria [33] [34] 
The Method for Determining the Shock Activity
The geomagnetic storm is defined as a phenomenology of a middle-and low-latitude-geomagnetic variations that can be identified by the intensification of the ring current which is the source of the low-frequency component of storm two-days-shock ( pointed out by the SSC day with a day after this day) and (c) three-days-shock (identified by the SSC day with two days after this day)]. As noted in introduction section, we only focus our attention on shock activity effects. The other disturbed activities (recurrent activity and fluctuating activities) actions on ionosphere variability are out the topic of the present paper.
In this paper, Ouagadougou station foF2 (three solar cycles days of the two-days-shock and 50 days of the three-days-shock. Before the comparison, with respect to our objectives, foF2 time profiles of each shock are described by reference to [40] profiles (see Figure 2) . Figure 2 shows the five typical foF2 time profiles in African EIA (Equatorial Ionization Anomaly) sector. These profiles are called the noon bite out profile or "B" profile (panel a), the morning peak profile or "M" profile (panel b), the dome profile or "D" profile (panel c), the plateau profile or "P" profile (panel d) and the reverse profile or "R" profile (panel e). These profiles can be recorded to the equatorial ionosphere electric currents (equatorial electrojet and equatorial counter electrojet) strength, presence or absence, by reference to the electric current day-to-day time variation under the quiet time condition [41] [42]. devoted to the solar increasing phase and Figure 6 concerns the solar decreasing phase. Figure 3 shows that there is no three-days-shock. One-day-shock profile is the plateau profile with an evening peak at 1800 LT. Two-days-shock curve shows the noon bite out profile with a night time peak at 2000 LT.
The Method for Analyzing the Data
Results and Discussion
The quietest curve highlights the reverse profile. According to foF2 profiles ( Figure 2 ) during the minimum phase, the shock action modifies the ionosphere according to [40] , from top to bottom we have a strong electrojet, a mean electrojet, an absence of electrojet, an absence of electrojet and a strong counter electrojet, respectively. These results show that to correctly model the shock activity on the ionosphere, during the solar minimum phase, it will be better to take into account each type of shock. In Figure 3 , from daytime to nighttime, the shock activity increases foF2 values. For two-days-shock, we always have two-days-shock quietest-days foF2 value foF2 value > except between 0600 LT and 0700 LT where it is the reverse. For one-day-shock we have from 1000 LT to 2300 LT one-day-shock quietest-days foF2 value foF2 value > except from 0500 LT to 1000 LT where it is the reverse. It can be concluded that the shock activity usually produces positive storm (a storm foF2 values are superior to those of the quietest periods) [54] which, in this latitude, traduces F2-layers uplifting that is caused by ExB drift-induced [55] . The different observed profiles underline the necessity to treat each type of shock as a specific case for well understand the all mechanism for electrodynamics point of view. Figure 4 concerns the solar increasing phase. In this figure, 1 ) the quietest-days profile is a "B" profile with a night time peak at 2400 LT, 2) the one-day-shock profile corresponds to a "R" profile with a night time peak at 2300 LT, 3) a fairly "M" profile for the three-days-shock profile and 4) a "B"
profile when is concerned the two-days-shock profile with the predominance morning peak. For the two-days-shock and the three-days-shock profiles, there is no nigh time peak. The analysis of Figure 4 shows a positive storm from 1000
LT to 1900 LT for the one-day-shock, from 1000 LT to 1600 LT for the three-days-shock and between 1100 LT-1300 LT for that concerned the two-days-shock. Negative storm (a storm foF2 values are inferior to those of the quietest periods) appears between 0000 LT and 0500 LT and from 2200 LT to 0000 LT during one-day-shock activity. This is also true for the three-days-shock from 2300 LT to 2400 LT. Reference [53] pointed out that at the low-latitude regions, the nightside ionospheric negative phase is the dominant response to the geomagnetic storm. Here, we found that only the two-days-shock and the three-days-shock activities confirm what have been observed by [53] . This result underlines the necessity to take into account storm time duration in term of day for statistical CMEs storms activity studies.
In general, the critical frequency values can be classified as: it can be retained that during the solar maximum phase, the reversal electric field occurs early for the one-day-shock activity and later for the two-days-shock activity periods and remains as during the quietest period for the two-days-shock activity. In general, a positive storm is produced by all shocks except between 2100
LT and 2300 LT during the one-day-shock and the two-days-shock activities. It can be retained from 1000 LT to 1300 LT two-days-shock three-days-shock one-day-shock foF2 foF2 foF2 > >
, from 0200 LT to 1000 LT two-days-shock three-days-shock one-day-shock foF2 foF2 foF2 ≅ >
, from 2100 LT to 2400 LT A. M. F. Gyébré et al.
three-days-shock two-days-shock one-day-shock foF2 foF2 foF2 > > and between 0000 LT -0200 LT one-day-shock three-days-shock two-days-shock foF2 foF2 foF2 > ≅ . Figure 6 concerns the foF2 profiles for the solar decreasing phase. In this figure, the quietest-days profile is a fairly "B" profile with a night time peak at 2200 LT, the one-day-shock profile corresponds to a "R" profile with a night time peak at 2200 LT, a "D" profile with a night time peak at 2300 LT is observed when occurs the two-days-shock and a "B" profile with a fairly night-time peak at 2300 LT is seen when acts the three-days-shock. Figure 6 analysis shows that there is no negative storm. The signature of the reversal electric field is seen one hour after due to the effect of the two-days-shock or the three-days-shock. The one-day-shock activity does not induce this time delay with respect to the quietest period. During daytime, only the two-days-shock activity does not disturb the effect of the signature of ExB.
During daytime, Figure 6 shows that from 0800 LT to 1500 LT 
Conclusion
The shock activity due to CMEs is analyzed by taking into account shock time duration, one, two or three days through solar cycle phases. During the period involved, during the solar minimum and the increasing phases shock activity produces positive and negative storms and especially positive storm at daytime.
During the two last solar cycle phases only positive storm is produced by the shock activity. Generally, each type of shock modifies ionospheric the electric current system except during the solar maximum phase. The storm effect amplitude expresses the solar cycle dependence and also the shock time duration in day. At daytime, we have 1) for the solar increasing phase one-day-shock three-days-shock two-days-shock foF2 value foF2 value foF2 value > >
; 2) the during solar maximum phase two-days-shock three-days-shock one-day-shock foF2 foF2 foF2 > > and for the solar descending phase two-days-shock three-days-shock one-day-shock foF2 foF2 foF2 > > .
Only during the solar minimum there is no three-days-shock activity. These observations point out the necessity to separate the shock activity into the three types of shock activity in term of time duration in day for well-model ionosphere response to shock activity and for space weather study issues.
